BEAM INSTABILITIES3®

Name Conditions Saturation Mechanism
Electron- Vg > \_/ej, g =12 Electron trapping until
electron ‘_/ej ~ Vg
Buneman Vg > (M/m)Y3V;, Electron trapping until

Beam-plasma

Weak beam-
plasma

Beam-plasma
(hot-electron)

Ion acoustic

Anisotropic
temperature
(hydro)

Ion cyclotron

Beam-cyclotron
(hydro)

Modified two-
stream (hydro)

Ion-ion (equal
beams)

Ion-ion (equal
beams)

Vd > Ve
Vi > (np/nb)l/BVb

Vi < (np/nb)1/3Vb
Ve>Vy >V,

Te > Tia Vd > Cs

Tel > 2,I’e||

Vg > 20V; (for
Te ~ T,L)

Vd > Cs
Va < (1+8)Y2Va,
Vg > C,

U< 21482V,

U <2C;

Ve ~/ Vd
Trapping of beam electrons

Quasilinear or nonlinear
(mode coupling)

Quasilinear or nonlinear

Quasilinear, ion tail form-
ation, nonlinear scattering,
or resonance broadening.

Isotropization

Ion heating

Resonance broadening

Trapping

Ion trapping

Ion trapping

For nomenclature, see p. 50.
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Parameters of Most Unstable Mode

beams)

Name Wave Group
Growth Rate Frequency Number | Velocity
1 We
Electron- —We 0 0.9— 0
electron 2 Va
m \ 1/3 m \ 1/3 we 5
Buneman 0.7 — we | 0.4 — We — -V
M M V4 3
ny \ 172 w.
Beam-plasma 0.7 — We | We— — 7
1/3
np
0.4 ( — ) We
Np
Ty Vb 2 We 3‘_/62
Weak beam- — We We —
plasma 2np \ Vb Vs 1%
Beam-plasma — vwe V—we )\D 1%
(hot-electron) " b ¢
m\ 1/2 )
Ion acoustic M) w; wi AD Cy
Anisotropic Q. we cos B ~ Q. re_l V..
temperature
(hydro)
1_
Ion cyclotron 0.192; 1.2Q2; ri_l §Vi
Beam-cyclotron 0.72, n e O.7>\51 2 Va;
(hydro) < O,
. 1 Qn 1
Modified two- —QF 0.90xy 1.7—— —Vy
stream 2 Va 2
(hydro)
. Qp
Ion-ion (equal 0.4Qx 0 1.2— 0
beams) U
Ion-ion (equal 0.4w; 0 1.2% 0

For nomenclature, see p. 50.
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In the preceding tables, subscripts e, i, d, b, p stand for “electron,” “ion,”
“drift,” “beam,” and “plasma,” respectively. Thermal velocities are denoted
by a bar. In addition, the following are used:

m electron mass

M ion mass

%4 velocity

T temperature

Ne, Ny number density
n harmonic number
C, = (T./M)*? ion sound speed
We, W; plasma frequency
AD Debye length

Te, T4

s

Va
Qea Qz
Qn

U
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gyroradius

plasma/magnetic energy
density ratio

Alfvén speed

gyrofrequency

hybrid gyrofrequency,
Qu? =Q.Q;

relative drift velocity of
two ion species



